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California Education Funding Formula



Funding

▶ California: $7.5 billion (10% of LCFF)

▶ North Carolina: $1.6 billion (7%)

▶ Texas: $3.4 billion (6%)
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Abdulkadiroğlu and Sönmez [2003], Abdulkadiroğlu, Pathak, and
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Contribution

1. A resource model of school choice.

2. Propose enrollment-based funding equilibria.

3. Applications

3.1 Funding in schools
3.2 Peer effects
3.3 Vouchers

4. New proof techniques

4.1 crowding and funding drive the difficulties
4.2 not Tarski fixed point
4.3 not Decomposition Lemma
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California: general staff hiring, general teacher raises.

North Carolina: general student resources.

Texas: half of the Compensatory Allotment can be used for general
spending.
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A student’s externality has 3 parts:

1. negative crowding effect

2. positive funding

3. negative/positive personal peer effect



Model

L,H low and high grant students
S schools

R+ × S consumption space of students
Ri preference relation of student i
Ωs initial capital of school s
bs minimum distribution of school s
gL low grant
gH high grant
≻s priority order of school s over students

(L,H, S ,Ω, b, g ,≻,R) school choice with funding problem

ρs distribution of school s
σ(i) match of student i
(ρ, σ) allocation



Model

Total Funding

Fs(σ) = Ωs +
∑
i∈σ[s]

gθ(i)

An allocation (ρ, σ) is such that for each school s,

1. (Distribution Feasibility)

ρs · |σ[s]| ≤ Fs(σ).

2. (Minimum Bound)
ρs ≥ bs .



Axiom

Fairness

No Envy at Interior + No Justified Envy at Boundary



Axiom

Fairness
If student i prefers school s to their match at the current level,
then s is

1. full, and

2. all students at s have higher priority.



Axiom

Fairness
If student i prefers school s to their match at the current level,
then s is

1. is at minimum bs , and

2. all students at s have higher priority.



Axiom

Fairness:

(ρ, s) Pi (ρ, σ(i)) ⇒ 1. ρs = bs , and
2. for each j ∈ σ[s], j ≻s i ,



Axiom

Fairness:

1. ρs = bs , and
(ρ, s) Pi (ρ, σ(i)) ⇒ 2 for each j ∈ σ[s],

a. j ≻s i , or
b. (σ[s] \ {i}) ∪ {j} is not feasible.



Enrollment-Based Funding Equilibrium (EBFE)

An EBFE is an allocation (ρ, σ) such that:

1. (IR + Fairness) (ρ, σ) is individually rational and fair.

2. (Exhaustive) For each school s with σ[s] ̸= ∅,⌊
Fs(σ)

ρs

⌋
= |σ[s]|.

3. (Inferior Empty Schools) For each school s with σ[s] = ∅,
ρs = Ωs , and for each i ∈ N,

(ρ, σ(i)) Pi (ρ, s).
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EBFE Is a Walrasian Concept

An EBFE is an allocation (ρ, σ) such that:

1. (Fairness) Consumer maximization.

2. (Exhaustive) Market clearing with one seat error.

3. (Inferior Empty Schools) Set price of unassigned good to zero.

Price Equilibrium with Rigidities
Drèze [1975], Talman and Yang [2008], Andersson and Svensson
[2014], Herings [2018].



Existence

A preference is linear if (r , s) Ri (g , t) implies that there is
valuation function vi : S → R+, such that

(r , s) Ri (g , t) ⇐⇒ rvi (s) ≥ gvi (t).



Main Results: Existence & Structural Properties

Theorem 1 On the NCBI linear domain, EBFE exist.

Proposition 1 The set of fair allocations forms an upper lattice.

Theorem 2 Given a profile from the NCBI linear domain, there is
a student-optimal EBFE.



Main Results: Existence & Structural Properties

Proof Intuition:

▶ Fair allocations trivially exist.

▶ Prove upper lattice of fair set, so there is a student-optimal
fair allocation.

▶ This allocation may fail exhaustiveness, so we must augment
the matching to find an EBFE.



Main Results: Some Things Break

▶ Set of distributions that are part of some EBFE do not form a
lattice.

▶ Exists fair that are not EBFE.

▶ No Rural Hospital / Lone Wolf theorems.

▶ Manipulability of student-optimal EBFE mechanism.
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Impossibility

Proposition 3 A mechanism that is a selection from the
student-optimal EBFE correspondence is not strategy-proof.



General Model

L,H low and high grant students
S schools

R+ × S consumption space of students
Ri preference relation of student i
Ωs initial capital of school s
bs minimum distribution of school s
gL low grant
gH high grant
≻s priority order of school s over students

(L,H, S ,Ω, b, g ,≻,R) school choice with funding problem
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General Model

I students
S schools

R+ × S × R+ consumption space of students
Ri preference relation of student i
Ωs initial capital of school s
bs minimum distribution of school s
gi total externality of i
vi voucher of i
Chs preferences of school s over students

(I , S ,Ch,Ω, b, g , v ,R) school choice with funding problem



School Choice Functions

The choice function Chs(A) ⊆ A of each school s satisfies:

▶ Substitutability
B ⊇ A =⇒ Res(B) ⊇ Res(A)

▶ Independence of Rejected Students
A′ ⊆ Res(A) =⇒ Chs(A \ A′) = Chs(A)

▶ Budget Constraint
bs |Chs(A)| ≤ Fs(Chs(A))



Fair Lattice

Proposition 1 (Fair Upper Lattice) Consider two fair allocations
(ρ, σ) and (γ, τ) for a preference profile from the NCBI linear
domain. Let ζ = ρ ∨ γ. There is a matching µ such that (ζ, µ) is
a fair allocation, and moreover, for each i ∈ N,

(ζ, µ(i)) Ri max
Ri

{(ρ, σ(i)), (γ, τ(i))}.



Fair Lattice

Sketch Proof:

1. Pick two fair allocations.

2. Define Transfer graph.

3. Implement weakly welfare-increasing cycles.

4. (Key) Make sure you maintain feasibility.
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Conclusion

Thank you!

School Finance

Sorting & Peer Effects

School Choice



Literature

School Choice
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and Leshno [2016], Dur and Morrill [2018].

Crowding
Tierney [2019].



References I
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Atila Abdulkadiroğlu, Parag A Pathak, and Alvin E Roth.
Strategy-proofness versus efficiency in matching with
indifferences: Redesigning the nyc high school match. American
Economic Review, 99(5):1954–1978, 2009.
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Tayfun Sönmez and M Utku Ünver. Course bidding at business
schools. International Economic Review, 51(1):99–123, 2010.

Dolf Talman and Zaifu Yang. A dynamic auction for differentiated
items under price rigidities. Economics Letters, 99(2):278–281,
2008.

Ryan Tierney. The problem of multiple commons: A market design
approach. Games and Economic Behavior, 114:1–27, 2019.


	Introduction
	Model
	Model
	Solution Concept
	General Model
	Appendix
	Literature
	References

